The fundamental limitation of massive MIMO technology is pilot contamination effect.
INTRODUCTION
Massive MIMO technology uses a large number of base station antennas to communicate with several single-antenna users at the same time and at the same frequency [1] [2] [3] .
The channel state information of massive MIMO is estimated at the base station using an uplink training based on Time Division Duplex (TDD). In the uplink training, multiple users send orthogonal signals which are known at the base station. However, in TDD operation the coherence time is very small and unique orthogonal signals for all users in all cells cannot be realized. This means that orthogonal signals will be reused within a cell or in adjacent cells. This leads to channel estimation error also referred to as pilot contamination [4] [5] .
A large scale fading precoding in [6] [7] is proposed to mitigate pilot contamination that is caused by reusing orthogonal signals in adjacent cells. It is based on the assumption that the signals from all terminals in all cells are accessible at each Base Station (BS) and that slow-fading coefficients are accessible to all the BS or alternatively to a network hub. Instead of mitigating interference caused by pilot contamination in estimating of the channel, each BS uses the pilot contamination for transmitting information to all terminals. This mitigation technique gives complication of the network since it uses cooperation between cells. A large scale fading precoding with noncooperation cell (LSFP-NCC) has been proposed in [8] to avoid cooperation of cells. In this paper, a general design of LSFP-NCC is proposed by designing a pilot reuse factor.
The advantage of large scale fading precoding is used with pilot reuse factor to mitigate the pilot contamination effect. The proposed pilot reuse factor allows unique orthogonal signals to be assigned to adjacent cells. This mitigates the inter-pilot contamination effect. Since the assigned unique orthogonal signals within the cell are not enough for all users within the cell and those orthogonal signals are reused within the cell. Reusing orthogonal signals within the cell causes intra-pilot contamination. A large scale fading precoding is therefore applied within the cell to mitigate the intra-pilot contamination effect.
The rest of the paper is organized as follows. The pilot reuse factor and system model is presented and discussed in section 2 and section 3 respectively. The analysis of pilot contamination is presented in section 4, and in section 5 a discussion of the large scale fading precoding is discussed. In section 6, a derivation of the achievable rate with a finite number of base station antennas is given. In section 7, the MATLAB simulation results are presented. Finally, section 8 gives a conclusion and suggestions for future extension of the work.
PILOT REUSE FACTOR
A pilot reuse factor is designed to have each cell within a cluster unique orthogonal signals. This enables the mitigation of inter-pilot contamination effect. Even though the pilot contamination effect from adjacent cells are mitigated, the intra-pilot contamination effect still exist. Mitigation of intra-pilot contamination will be considered in Section 5.
The pilot reuse factor is calculated in a similar manner to the cellular frequency reuse factor [9] given as:
Where and are any non-negative integers and with > 1 .
From eq. (1) the following pilot reuse factor values are possible: {3,4, 7, 9, 12 … }. Fig.1 shows a hexagonal geometric arrangement of cells with a pilot reuse factor = 7. Each cell within a cluster is assigned unique orthogonal signals: = { 1 , 2 , … 7 }. The number of unique orthogonal signals assigned to each cell within cluster is . user to the -th cell of -th sub array of antenna is given by:
Where , is a large scale fading and , is small scale fading with distribution
It is assumed that the sub-arrays of the BS are separated by some distance so that the slow fading differs from one sub-array to another. Since the distance between the sub-array antennas is significantly less than the distance from the sub-array to the ( , )
user, the slow fading can be assumed to be independent of the antennas of the subarray.
Each -th sub-array of the BS estimates the channel using uplink training. The uplink training has the following procedure
• Using a pilot reuse factor each cell within a cluster is assigned unique = orthogonal signals and each orthogonal signal will have a length of =
• Since > , all orthogonal signals are reused within the cell times
• , , and, are assumed to be equal.
The orthogonal signals = {ϕ 1, , ϕ 2, … ϕ , } have the following property.
• Within cell ϕ , ϕ , † =
• Adjacent cells ϕ , ϕ , † = 0 .
The received signal at of -th sub-array of the BS from all cell of users given by:
Where , ℂ × is the additive noise with distribution , ~ (0,1) .
The -th sub-array of BS estimates the channel
The -th sub-array of BS pre-code the desired signal using the conjugated beamforming precoder [6] [7] [10] [11] . The precoder is given by:
The -th sub-array of BS sends the transmitted signal vector to intended user ( , ).
The vector is given by:
The sub-group user ( , ) receives the signal:
ANALYSIS OF THE PILOT CONTAMINATION EFFECT
In this section, the effect of pilot contamination with the proposed uplink training scheme in an asymptotic regime when tends to infinity will be investigated. 
Using the Lemma 1. The following property can be observed: 
LARGE SCALE FADING PRECODING
To mitigate the pilot contamination effect the -th sub-array can be use additional precoder of some unknown variable set { 1 , 2 … } so as to get the received signal eq. 
Where;
⋮ )
Eq. (16) can also be written as:
The matrix is inverse of the matrix B is given by:
The -th sub-array of BS pre-code the desired signal using a conjugated beamforming and sends the vector to the intended user ( , ) . This precoding scheme is termed large scale fading precoding. The vector is given by:
The sub-group user ( , ) receives the signal
From eq. (20) it can be concluded that the proposed pilot reuse factor with the large scale fading precoding fully cancels the pilot contamination effect in an asymptotic regime.
FINITE SUB-ARRAY ANTENNAS EFFECT
In this section, the achievable rate of the received signal when a finite number of antennas are used is derived. Considering MMSE estimator, the propagation channel can be estimated from the received signal of eq.(3) to be:
The vectors , and ̂, have the following distributions;
The sub-group user ( , )receives the signal:
The conjugated beamforming is assumed to be:
After some manipulation, eq.(25) can be written as:
The achievable rate is given by:
Similar to [7] it can be shown that:
Finally, the achievable rate becomes;
SIMULATION RESULTS
In this section, a cellular hexagonal network with pilot reuse factor = 3, = 4, and = 7 is considered. All the parameters are taken from 3GPP standard [12] . The large scale fading is modelled using a 3GPP standard of Urban Macro model given by eq. (35) [12]. 
Where , is the distance (in km) between the user and the base station and , is shadowing coefficient modeled as a Gaussian random variable with zero mean and variance 8dB.
, is the distance (in km) of all users randomly distributed near the edge of the cell. Table 1 refers to the value of parameters that has been used for simulation purpose. Average power of -th sub-array 48dBm
Average power at each user terminal 23dBm
Bandwidth 20MHz
The achievable sum rate of eq. (34) for pilot reuse factor = 3, = 4, and = 7
were obtained by MATLAB simulation. gives better achievable sum rate than pilot reuse factor = 3. For example, for the number of antennas = 100 the average achievable sum rate for pilot reuse factor = 3 is 0.205×10 −2 . The average achievable sum rate with a pilot reuse factor = 4 for = 100 is 0.237×10 −2 . This is larger than the value obtained with the pilot reuse factor = 3. All the above results show that as the number of antennas increases the achievable rate also increases. It can also be observed that a higher pilot reuse factor gives better average achievable sum rates.
CONCLUSION
A pilot reuse factor with large scale fading precoding has been developed. The pilot reuse factor is designed to mitigate the effect of inter-pilot contamination. A large scale fading precoding is used to mitigate the effect of intra-pilot contamination. It has been observed that the higher pilot reuse factor gives better average achievable sum rates.
It can be noted that to obtain a better average achievable sum rate, then a higher pilot reuse factor is needed. This increases the number of sub-array base stations with a subsequent increase in installation costs and power consumption. Further investigations needs to be carried out to determine the optimal point of pilot reuse factor so as to reduce the number of sub-array BS within the cell without any significant reduction in the average achievable sum rate.
